ABSTRACT AL-DOORY, YOUSEF (University of Oklahoma, Norman) AND HOWARD W. LARSH. Quantitative studies of total lipids of pathogenic fungi. Appl. Microbiol. 10:492-495. 1962.-Ten species of dermatophytes and four of the systemic fungi were assayed for total lipids, acetone-soluble fraction, and phospholipid content in different types of cultures. The yeast phase of each of the systemic fungi grown on solid medium exhibited a higher total lipid content than did the mycelial growth in liquid medium, either shake or still. Shake cultures, in all the fungi tested, produced the least lipids. The yeasts were consistently higher also in the acetone-soluble fraction. Histoplasma duboisii in the yeast phase and Microsporum gypseum produced the greatest amount of phospholipid, and Blastomyces dermatitidis in the yeast phase and M. canis produced the largest acetone-soluble fraction among the systemic fungi and dermatophytes, respectively.
Many investigators have shown that the lipid content of filamentous fungi ranges from 1 to 40 % and differs according to the cultures and conditions under which they are grown (Pruess, Eichinger, and Peterson, 1934; Prescott and Dunn, 1949; Bloor, 1943) . Reportedly, even within a single strain characteristics and amounts of lipids vary with the conditions of growth. Pruess and Strong (1933) reported a range of 1 to 25 % in 24 filamentous fungi. Of the 61 fungal species studied by Ward et al. (1935) , six contained over 20 % lipids and only Penicillium javanicum had as high as 41.5 %.
Some studies on the lipid content of fungi associated with diseases of man have been reported. Peck and Hauser (1938) showed that Blastomyces dermatitidis contains 8 to 10 % lipids; Candida albicans (Peck and Hauser, 1939) contains approximately 5.3 % lipids. Al-Doory (1960) found that Histoplasma capsulatum contains 18.6 to 19.5 % free lipids.
The present paper is a continuation of the preliminary study of the free lipids in H. capsulatum and Microsporum canis (Al-Doory, 1960 gypseum, M. distortum, M. audouini, Trichophyton mentagrophytes, T. rubrum, T. schoenleini, T. tonsurans, T. gallinae, and T. violaceum were grown for 30 days at room temperature in asparagine liquid medium (Smith et al., 1948) . In both shake and still (stationary) cultures, 150 ml of liquid growth medium in 500-mi Erlenmeyer flasks were inoculated with 5 ml of a fungal suspension in sterile distilled water from a 15-day-old culture on Sabouraud dextrose agar. Yeast cells of the systemic fungi were cultured on heart infusion blood agar for 4 days at 37 C.
All fungi were killed by submersion in 0.5 % formalin for 2 weeks, washed by centrifugation three times in demineralized water, and collected on a Buchner funnel., After a random sample was taken for determination of dry weight, a known weight of wet fungal tissue was ground with sterile white sand in a mortar, and the resultant, paste-like mass transferred to a Soxhlet extractor.
Extraction of lipids. The tissue was extracted with 200 mi of chloroform-methanol (2:1) for 36 hr at 65 C to obtain the free lipids. The cellular residue was digested at 50 C for 5 hr with 150 ml of chloroform-methanol (2:1) containing 1 % HCl. The residue then was filtered off and washed with chloroform-methanol, and the filtrate checked for lipid content (evaporated to dryness and checked for any trace of residue) before discarding. The extraction was repeated for another 36 hr to obtain bound lipids. The combined extract from both processes was assumed to contain the total lipids of the fungus ( Fig. 1) , which was calculated from the residue after evaporation to dryness. Cold acetone (50 ml) was added to the residue (total lipids) and the mixture was left for 8 hr in the refrigerator in a closed container. During that time, the mixture was stirred occasionally. After filtration, the precipitate was washed three times with cold acetone and the procedure repeated with hot acetone. Phospholipid was calculated from the precipitate on the filter paper and the acetonesoluble fraction was calculated from the weight of the filtrate after evaporation to dryness.
It was expected that the procedure used in this study would produce maximal extraction of lipids, both free and bound, since there is no assurance that any single procedure will extract this completely out of microorganisms.
In the final fractionation of the acetone-soluble fraction from the phospholipid, acetone solubility was used because of its simplicity and accuracy. A more complicated treatment might have been used to overcome the intersolubility of these fractions, but the results might have produced impure compounds on account of changes during the separation.
RESULTS AND DiscusS ION Both the systemic fungi and the dermatophytes varied in amount of total lipids and their components, i.e., phospholipid and acetone-soluble fraction. Table I shows percentages by dry weight of the acetone-soluble fraction, phospholipid, and total lipids of some of the systemic fungi in shake, still, and yeast cultures, and Table 2 The value for total lipids of B. dermatitidis was found to be much higher than that reported by Peck and Hauser (1938) . The average percentage of lipids for all yeasts in this study is much higher than that reported for Saccharomyces cerevisiae by Newman and Anderson (1933) , but slightly lower than that for Endomyces vernalis (Starkey, 1946) . Our findings correlate quantitatively with that of Prince (1960) for T. mentagrophytes and with the previous results for free lipids of 311. canis (Al-Doory, 1960).
Ward et al. (1935) reported that the total lipid content of the nonpathogenic fungus, P. javanicum, was 41.5 %, which is higher than that of any of the filamentous fungi in this study.
The average percentages of phospholipid in the three types of cultures, shake, still, and yeast, among the systemic fungi were 8.46, 11.57, and 13.25 c, respectively, and those of the acetone-soluble fractions were 8. 26, 11.62, and 24.62%o. This shows no difference in the average percentage between the phospholipids and the acetone-soluble fractions in both the shake and still cultures of these systemic fungi; but the acetone-soluble fraction of the yeast cultures is much higher than the phospholipid. Among the dermatophytes, the average percentage of the acetone-soluble fraction in both shake and still cultures (11.88 and 16.51 '%() was almost three times that of the phospholipids (4.10 and (Fig. 2) emphasizes that the latter exceed the former.
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According to Peck (1947) , the lipid constituent of the cells of pathogenic fungi has a significant role in the mechanism of infectious disease. It is not known whether this role is due to the lipids as a whole or to a defined portion such as the actone-soluble fraction, phospholipid, or whether it is some small fraction of these components.
In comparing the findings of this study with those of Ward et al. (1935) for P. javanicum and Pruess and Strong (1933) for 24 filamentous fungi, it appears that total lipids as a whole cannot be considered the only responsible factor in the mechanism of the infectious disease, since some of these fungi have more lipids than the pathogens in this study. Peck (1947) in his report on the lipids of B. dermatitidis and C. albicans mentioned that the free lipids of these two fungi differ quantitatively, yet are similar in their qualitative composition. Essentially, these lipids include the natural glyceroids, sterol esters, free fatty acids and sterols, lecithin and cephalin types of phospholipids, and small amounts of carbohydrate-containing phospholipid, and the bound lipids appear to contain more complex substances. Peck (1947) also reported that the absence of the carbohydrate-containing phospholipid in all but one of the nonpathogenic fungi constituents is the most significant variation between these and the pathogens as concerns their free lipid contents. More information is needed to provide a basis for a better evaluation of the degree in which lipids of pathogenic fungi participate in the role of pathological reactions accompanying the diseases. Such information needs the adaptation of special techniques to purifying the various lipid fractions from the different pathogenic forms and ascertaining their chemical structures. The application of these purified fractions serologically as antigens against the serum antibodies of animals, which have been inoculated with living or dead homologous organisms, may reveal a better answer to the real role of lipids in the mechanism of each of the infectious diseases.
